Abstract: Mine soils begin developing horizons from natural processes after mining excavation and transportation of spoil ceases.
Introduction
Mine soils are soils that form in organic matter, mineral soil materials, sediments, and rocks redistributed by humans during or after mining processes. These processes may include surface and subsurface excavation with a directed purpose of collecting specific materials that are being mined and dredging to deepen or widen channels. Since the desired material is rarely found in pure form at the surface, there are usually spoil materials and exposed soil and geologic material left after mining ceases. When mining or dredging operations cease, soil horizons begin to develop in the transported or exposed soil materials (Roberts et al., 1988a; Roberts et al., 1988b; Indorante et al., 1992; Sencindiver and Ammons, 2000) .
In most land-based mining processes, heavy machinery is used to excavate, transport and deposit spoil, leaving a landscape of pits, vertical bedrock high-walls, and mounds. Soils that form in mine and dredge spoils have similar characteristics to natural soils that form in recently transported materials. Most of these soils do not have well-developed topsoils rich in organic matter, distinct horizonation, or significant structural development compared to older, unaltered natural soils or truncated natural soils. Most land-based transported mine soils resemble soils forming in recent landslide deposits, except those that contain reorganized subsoil fragments or have developed Sulfuric horizons (Fanning and Fanning, 1989; Galbraith et al., 2002, Ch. 20) .
Mine soils in HTM may have an irregular distribution of organic carbon with depth, unlike older, unaltered upland soils. Mine soils in HTM also differ from older, unaltered soils (Sencindiver and Ammons, 2000) in that they are: a) higher in bulk density and lower in porosity, b) lower in saturated hydraulic conductivity, c) lower in soil carbon and organic matter, d) higher in unweathered rock fragments, e) higher or much lower in reaction (pH), f) lower in cation exchange capacity and exchange acidity, g) higher in percentage of rock fragments, and are g) located on human-created landforms.
In dredge mining, the spoil is often redeposited by truck or pumped in aqueous slurry into a pit or body of water. Unlike mine soils, soils that form in dredged materials have lower than Proceedings America Society of Mining and Reclamation, 2004 708 normal bulk densities, higher than normal porosity, and higher n-value (Soil Survey Staff, 1999) than most older, unaltered upland soils. They differ from older floodplain soils that have had time to develop buried diagnostic horizons, although both soils on floodplains and in dredged materials often contain an irregular distribution of organic carbon with depth. Dredged materials high in sulfidic materials (Soil Survey Staff, 1999) quickly form diagnostic sulfuric horizons and do not resemble recent deposits in frequently flooded areas or active deltas that do not contain sulfidic materials (Galbraith et al., 2002, Ch. 15-16 ).
Human-constructed or excavated landforms are often easily identified on aerial photos, satellite images, topographic maps, or by field observation. Dredge-based mine soils are often deposited in pits or tailing-ponds with polygon-shaped berms that are easily located and identified. Haering et al. (2004a; 2004b) reported that in their study area in Cumberland Plateau of the Eastern US, post-SMCRA mine soils often have distinct differences in soil properties and classification than unaltered natural soils and mine soils deposited before that Act. Most pre-SMCRA mine soils are finer-textured (have less sand and more clay) and are lower in pH than most post-SMCRA mine soils because the pre-SMCRA soils were more likely to come from contour-mining of oxidized, pre-weathered overburden extracted from near the original land surface. The oxidized overburden is pre-weathered and breaks down into finer soil components more easily than the more highly-cemented rock material extracted from deeper, less-oxidized zones. Soil horizon formation is evident a few years after mine soils are placed and left undisturbed (Haering et al., 1993) . The pre-SMCRA spoils are older and have had more time to be leached and acidify after placement. Unless the oxidized overburden was stockpiled and used as a topsoil substitute, the post-SMCRA soils are more likely to form in less-oxidized material mined from deeper underground (Haering et al., 2004a; Haering et al., 2004b) .
Some older pre-SMCRA mine soils, located in warm or moist climates, that had been pushed loosely off a bench during contour-mining possess favorable growth properties and have become largely reforested (Rodrigue and Burger, 2002) . These soils may be hard to identify from under a forest canopy at ground level but many can still be identified from historical documents, aerial photos, and imagery. Compacted mine soils left in unseeded spoil piles, those containing or exposing sulfidic materials (Soil Survey Staff, 1999) , or deposited in cold or dry climates are still easily identified on-site because most have not revegetated to their pre-mined vegetation Proceedings America Society of Mining and Reclamation, 2004 709 conditions. Mine soils or excavations containing sulfidic materials that are exposed to oxidation form sulfuric horizons and the resulting low pH prevents revegetation to a large degree (Fanning and Fanning, 1989) . Post-SMCRA soil boundaries are easily identified in the field because they are younger, often featureless soils that are mostly seeded to grass-legume mixtures and converted to grasslands (Daniels and Zipper, 1988) . Exceptions occur in states such as Illinois where post-SMCRA excavation sites conducted under active farmlands are restored to farmland use after mining (Wiesbrook and Darmody, 1989; Indorante et al., 1992) .
Identification of the boundary between mined and un-mined areas is simpler than the identification of the composition of the soils within a mined area. After mining ceases, the revegetation and management of post-SMCRA mine soils is almost always different from that of un-mined soils. Therefore, post-SMCRA mine soils are identified, mapped, and classified differently than un-mined soils.
Soil Taxonomy (Soil Survey Staff, 1999) Exceptions may occur where mining regulations require original soil material replacement.
Early efforts have been made to propose new horizons, materials, and classes for Soil Taxonomy to deal with mine soils (Fanning and Fanning, 1989; Ammons and Sencindiver, 1990; Sencindiver and Ammons, 2000) . Several soil series have been proposed or established for mine soils and other soils formed in HTM (Wiesbrook and Darmody, 1990) . Mine soils may be identified at the order level by the diagnostic mollic epipedon, the cambic or sulfuric horizon, or the absence of all diagnostic horizons, layers, and materials. Mine soils may be identified at the great group level by the sulfuric horizon or recognizable fragments of displaced soil materials.
Densic materials within the subsoil can be used to differentiate soil series (Soil Survey Staff, 1999 ).
In older mine soils, a cambic horizon may develop and those soils are classified as Chemical transformations in mine soils that form a cambic horizon are the result of hydrolysis of primary minerals to form iron (hydr)oxides and other minerals, dissolution and redistribution or removal of carbonates or gypsum, reduction and segregation or removal of iron, or a combination of these processes. The subsoil accumulation of silicate clay, sesquioxides, or organic matter or by the removal of calcium carbonate or gypsum can also produce a cambic horizon.
A sulfuric horizon can form in areas where sulfidic materials have been exposed as a result of surface mining, dredging, or other earth-moving operations. Brackish water sediments and rocks that form from those sediments frequently contain pyrite, an iron sulfide. When exposed to oxygen, the pyrite oxidizes and produces iron (hydr)oxides, jarosite (hydrous potassium iron sulphate), and sulfuric acid, resulting in very low (< 3.5) pH values unless there is sufficient CaCO 3 to neutralize the acid. The low pH associated with sulfuric horizons is detrimental to the survival of most plants and microbes. Some sulfuric horizons can be identified by a strawyellow colored jarosite precipitate along pores or ped surfaces in the soil in combination with a pH less than or equal to 3.5.
Densic materials are noncemented but the bulk density or the organization of particles is such that roots cannot enter, except in cracks. Densic materials and densic contacts often occur in mine spoils in areas of heavy vehicle traffic and where heavy machinery was used to deposit and intentionally compact the mine spoil. Densic materials have, at their upper boundary, a densic contact if they have no cracks, or if the spacing of cracks where roots can enter is 10 cm or more.
Mine soils may be classified by using one or more of several existing diagnostic horizons and materials, but the variety of placement is narrow. Table 1 The presence of a densic contact within 50 cm of the surface defines soils in shallow families (Soil Survey Staff, 1996) . The presence of a dense, root-limiting layer in mine soils has a major influence on how easily and economically the site can be forested and how much internal water movement and runoff can occur. Mine soils created since 1977 or that were the former site of haul roads or soils on fairly level benches are likely to contain densic contacts within 50 cm of the surface. The official soil series descriptions of a few mine soils include very dense horizons with root-restrictive properties, but densic soil materials are not recognized in those soil series and their depth class does not reflect the described depth to a root-limiting contact. However, since densic materials were not defined or added to Soil Taxonomy until after many mine soil series were established (Haering et al., 2004b) , a redefinition of some mine soil series and a creation of new series for mine soils with densic contacts and densic soil materials is needed, as proposed by Wiesbrook and Darmody for soils in Illinois (1998).
The properties most often used to distinguish mine soils series from each other are taxonomic class, rock type and composition, pH, control section clay content, and drainage class (Haering, et. al., 2004b) , since many mine soils fall into similar taxa above the family level (Table 1) .
However, the set of existing mine soils does not cover all of the combinations rock type and composition, pH, control section clay content, and drainage class. For example, at the Powell Proceedings America Society of Mining and Reclamation, 2004 714 River project in Southwest Virginia, mine soils were commonly found that did not fit into the range of any existing mine soil but did fit into all of the distinguishing properties of the existing Kaymine soil series except for the clay content. In addition, few of the existing mine soil series are described as being other than excessively or well drained. Further review is needed to compare the distinguishing property ranges of existing series, revise official soil series descriptions where needed, and set up a key for soils scientists to use in mapping mine soils.
Potential Changes to Soil Taxonomy
ICOMANTH was formed in 1995 with a mission to define appropriate classes in Soil
Taxonomy for soils that have their major properties derived from human activities Human-modified or -manufactured materials found in the soil will be called artifacts. Several new diagnostic horizons or layers may be proposed in order to allow easier identification of mine soils based on internal soil properties. Densic materials described as containing artifacts or other evidence of being HTM may be identified as a new diagnostic horizon, such as a compressic layer (from Latin compressare to press hard). A spolic (from Latin spoliare, earth and rock waste materials) material may be proposed that contains sufficient evidence of being HTM (Sencindiver and Ammons, 2000) , but containing very few artifacts.
Dredged HTM that contains evidence of being deposited in aqueous manner or environment by humans may be called an aquadepic (from Latin aqua water and depositus to place) material.
Any of these diagnostic materials or layers, if accepted by the USDA-NRCS and National
Cooperative Soil Survey (NCSS), could be used to identify mine soils separately from other soils. Erratic vertical and internal distribution of parent materials, buried soil horizons, and lack of distinct horizon development on non-flooded areas on top of isolated landforms may also be used by field soil scientists to rule out natural deposition from a higher area. Soil or geologic material that can be identified as having come only from an outside source and is a mismatch with known regional materials could be considered human-transported. The addition of these two new materials and the new horizon will allow soil scientists to more easily identify mine and dredged soils, although the level of the classification of those soils has not been determined.
Most soil scientists that responded to the ICOMANTH Circular Letters would like to identify layers of HTM with a special prefix (such as a "prime") in soils where evidence of mechanical transportation of HTM exists. Respondents to the Circular Letters also indicated a need to identify layers that contain a significant amount of artifacts with special suffix symbols, such as the "plus" symbol or the lowercase letter u. 'A 0 to 6 cm; dark brown (7.5YR 3/4) gravelly sandy loam; few, medium distinct gray (2.5Y 5/1) lithochromic colors from weathered rock fragments; weak, coarse, subangular blocky and thick platy structure; friable; 20% by vol. light gray siltstone and 5% by vol. pinkish gray sandstone gravel; 5% by vol. light brown sandstone cobbles; common fine and medium plus few coarse roots; no pores; slightly alkaline (pH 7.4); slightly calcareous; clear wavy boundary.
'C 6 to 20 cm; grayish brown (10YR 5/2) very cobbly coarse sandy loam; structureless, massive; firm; common fine and medium plus few coarse roots; no pores; 10% by vol. light gray siltstone and 15% by vol. pinkish gray sandstone gravel; 25% by vol. light brown sandstone cobbles; slightly alkaline (pH 7.5); slightly calcareous; clear wavy boundary.
'Cd 20 to 79 cm; gray (10YR 5/1) extremely stony coarse sandy loam; structureless, massive; extremely firm; very few fine roots in upper part; no pores; 10% by vol. light gray siltstone and 15% by vol. pinkish gray sandstone gravel; 20% by vol. light brown sandstone cobbles; 20% by vol. light gray sandstone flagstones; slightly alkaline (pH 7.6); slightly calcareous; clear wavy boundary.
'Cdu 79 to 117 cm; dark gray (10YR 4/1) extremely stony coarse sandy loam; structureless, massive; extremely firm; no roots; no pores; 15% by vol. light gray siltstone and 15% by vol. pinkish gray sandstone gravel; 15% by vol. light brown sandstone cobbles; 35 by vol. light gray sandstone flagstones; 5% by vol. boulders of light gray sandstone; 5% by vol. iron rod fragments (construction debris); slightly alkaline (pH 7.6); slightly calcareous; abrupt wavy boundary.
2R
117 to 200 cm; strongly-cemented light gray, mildly alkaline siltstone bedrock.
Conclusion
Mine soils are difficult to identify based solely on internal properties, even though the landforms where they reside are often obvious and easily defined. Several existing diagnostic horizons and materials in Soil Taxonomy and many soil series apply and can be used to classify mine soils. However, most mine soils in the Eastern US are classified in only a few taxa and are difficult to distinguish from each other above the soil series level. Although it is beyond the scope of this paper, changes to Soil Taxonomy will be proposed by ICOMANTH to allow easier description, classification, mapping, and management of mine soils in the future. The level that mine soils may enter the USDA-NRCS system is still undetermined, but will probably occur at several levels based on the variety of materials found in established and tentative soil series.
